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4 PREFACE. 


I raise my eyes and look outward into space. І see the 
wilderness of worlds. Тһе one on which I stand seems 
of immense size. The innumerable multitude beyond 
fade in the distance. I run to the telescope ; my vision 
is extended a thousand fold ; millions more come into 
view, and in the thousand times more distant circle of 
vision fade gradually until in the outer limits only 
glimpses can be caught of faint points of light. 

The worlds, too, are of all ages like the trees, and the 
great deep of space is strewn with their dust, and is pus: 
ating with the potency of new births. 

How grand, complete and sublime are the works and 
workings of nature. We stand with bowed heads, en- 
tranced and speechless in the presence of the Universe. 
Held in its all-embracing arms, we are of it, —one and 
inseparable. 


G. W. MOREHOUSE. 
Muskegon, Mich., 1898. 
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TRUE FREEDOM. 


"Is true Freedom but to break 
Fetters for our own dear sake, 
And, with leathero hearts, forget 
That we owe mankind a debt? 
Na! true freedom is to share 
All the chains our brothers wear, 
And, with heart and hand, to be 
Earnest to make others free! 


They are slaves who fear to speak 

For the fallen and the weak; 

They are slaves who will not choose 
Hatred, scoffing, and abuse, 

Rather than in silence shrink 

From the truth they needs must think ; 
They are slaves who dare not be 

In the right with two or three,” 


—James Russell Lowell, 
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fear. As development goes on the circle of the known 
becomes larger, and the awful unknown beyond corre- 
spondingly less in extent and influence. As the dread of 
the unknown weighs less and less heavily upon us, the 
known becomes more enjoyable. "This is substantially 
true from start to finish in the race of life. At first we 
are helpless, relying upon the protecting care of others 
in ways we do not understand. Our first efforts to help 
ourselves are blunderingly made and we come to grief. 
As we learn by experience we become more self-reliant 
and begin to lose our fear. We are long in learning to 
walk erect. So in the dim past, the human race has 
struggled almost hopelessly to get upon its feet. How- 
ever, the horizon is widening. 

There are always some men, who, actuated by the love 
of truth for its own sake, are forever prospecting along 
the borders of the unknown. The opinion of one such 
pioneer, as to the extent of space, should count for more 
than the notions of an army of men whose knowledge 
and experience is confined to their own township, county, 
state, or planet. On such a subject men would not be 
expected to go to school to ants, whose travels have ex- 
tended over only a few square rods, and whose powers of 
vision and intellect are correspondingly limited. 

Little value would attach to the belief of an animalcule 
to whom a pint of water is a world. Neither should the 
seeker for truth tie himself to the dead and comparatively 
ignorant past. The space required to contain the Uni- 
verse is immeasurably beyond the grasp of the primitive 
or infant mind. 

It would be a most egotistical and presumptuous toad, 
that, on jumping against a tight fence would assume that 
space in that direction ended there, and beyond the fence 
there could be absolutely nothing. Yet, such a concep- 
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greatly extended outward in every direction by the tele- 
scope. The new instrument gave distant vision,—a gen- 
eral panorama of the visible Universe. "The invention 
of the compound microscope gave close vision. Space 
too small to be seen by the unaided eye, or too distant for 
its reach, was diligently searched. "There began to be 
caught a glimmering of the overwhelming fact of the 
infinity of space. 

The invention and perfecting of the achromatic re- 
fracting telescope followed, with the construction of large 
reflectors, with great light-collecting and space-penetrat- 
ing powers. "The bounds of the visible Universe were 
extended many-fold. Still no limit was reached. With 
our latest telescopes, with greatly increased light-collect- 
ing power, the same story is told. The old boundary has 
disappeared, and forever. "The philosopher who reasons 
that if an imaginary limit to space in any direction is 
asserted, it may legitimately be asked, what lies beyond? 
has been justified by the results of the growth of astro- 
nomicalscience. However remote the limit may be fixed 
the question still applies. So to the philosopher and as- 
tronomer alike, space is without limit. The opposite 
proposition is evidently not rationally thinkable, any 
more than the boundary line-fence of the Universe is 
optically visible. 

Words fail to convey to our minds an adequate idea 
of even the imperfect comprehension we may reach of the 
extent of infinite space. We use the words infinite, 
boundless, limitless, but to have them mean much to us 
it requires a strong mental effort, a long and wearisome 
journey on the swift wings of thought, straight outward 
into the immense known, and still onward into the vast 
realms of the unknown, Universe. Let us think | 
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back less than 6,000 years, the Chinese not much if any 
farther, and the Egyptians and other early traditions, 
ruins and tablets perhaps twice that time. All guide us 
along a very narrow and slippery trail. 

The pre-historic age was much longer, as science has 
abundantly demonstrated. It was many thousands of 
years before man had become sufficiently advanced to 
perpetuate his achievements by picture inscription or 
writing. Knowledge which was gained by the individu- 
al could only be communicated orally, and handed down 
a few generations by tradition, became lost to the race. 

Much that was written in the earlier records is of un- 
certain value because of the writers not having been 
themselves witnesses of the events they described. They 
quite generally had to depend upon tradition, or hearsay. 
Tradition was hearsay upon hearsay, and therefore the 
poorest of evidence. 

It happens, then, that we possess no authentic written 
record of perhaps more than one-fiftieth of the time since 
mankind have inhabited the Earth. Geology, as will be 
mentioned in another chapter, brings to our knowledge 
a natural record, proving the Earth to be hundreds of 
millions of years old. 

We have learned from astronomy considerable about 
the times before the Earth was inhabited, and even be- 
fore it existed as a separate body. 

If in this way we can get glimpses backward, say, 
1,000,000,000 years, still the question as to what there 
was before is as pertinent as it would be were the time 
covered only a week. When seeking for the bounds of 
space we were lost in infinity ; soin like manner, we fail 
to find a beginning to time. 

It is possible to judge something of the future fate of 
our race and our planet, for we can see and study, with 
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MATTER. 


Y the word matter we designate the substance that 
constitutes the world-building material of the Uni- 
verse. Itis evident to our senses, exists all about us, and 
in our own bodies. All are more or less familiar with 
its properties, and its wonderful combinations and varie- 
ties. Its usefulness and beauty are recognized and ad- 
mired in the mineral, the vegetable, and the animal 
kingdoms. Volumes, yea, whole libraries would be in- 
adequate to do justice to the grand subject. Anything 
like a systematic discussion of the well known properties 
and conditions of matter would not come within the scope 
of this volume. І сап only indicate a few facts and con- 
clusions with which we are at present most concerned. 
Matter exists in at least three forms, —solid, liquid, and 
gaseous. Its solid form is due to the absence of heat, 
and on the application of heat it becomes liquid. A still 
higher temperature vaporizes. It then fills more space, 
but on cooling it resumes its original form and size. 
Chemical action also changes the forms of matter, de- 
composing combinations and forming new ones, liberat- 
ing the component gases of substances, and dissolving 
minerals or other solids or restoring them. The solid 
substance becomes an invisible gas, or thereverse. Color- 
less solutions when CORDE may produce beautifully 
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supernatural mystery. The Sun was a very small body, 
which like the Moon and stars, was made to give light 
for the Earth, and at night it withdrew behind the great 
northern mountains, to re-appear in the morning and 
continue its useful course. What little there was of the 
Earth was flat, or nearly so, rested on foundations, and 
was surrounded on all sides by an ocean, a border of 
mountains, and beyond them the jump-off The sky, 
firmament, or heaven, made of crystal, and. supporting 
the Sun, Moon, stars, gods and angels, rested securely on 
the surrounding mountains. Willany student of ancient 
history call this an exaggeration ? 

The art of printing with movable types was discover- 
ed as late as A. D. 1438. The first practical working 
steam engine was made in 1774, and steam navigation 
began with the present century. This century has also 
witnessed the invention of railroads, and the harnessing 
ofelectricity. "The new astronomy, chemistry, geology, 
biology, etc., have been born, or which is much the same 
thing, had a new birth, since the discovery of America in 
1492. If, then, such a large percentage of the most im- 
portant advances in knowledge have been made so recent- 
lv, weshall be warranted in giving little weight to ancient 
authorities. The respect due to age, or antiquity, should 
fall short of leading the immeasurably more competent 
living observer to wink at error, or to permit his judg- 
ment to be swerved in the least from the truth. 

The modern observer, with new and improved instru- 
ments and methods, has perhaps reached his higher re- 
sults, thus far, in the study of the nature and properties 
of matter, rather than in enlarging knowledge of its ex- 
tent. This study necessarily embraces careful investiga- 
tion of the manifestations of force that are always 
present. 


20 ` MATTER. 





Inertia of matter is a term only to be properly used in 
the restricted, mechanical sense. Receptivity and activ- 
ity are present in every particle of the material of the 
Universe. 

Can matter thus active be properly called dead? Let 
us revise our inherited and crude notions, and fearlessly 
acknowledge that such an anomaly as dead matter does 
not exist. 'The moment the vital forces cease to act in 
the living organism, decomposition into the original 
elements begins. This is chemical action. It is not a 
cessation, but a change of activity. 

Perhaps, then, it might be better to call it living mat- 
ter, even if it be necessary to add to the elasticity of the 
word living, to make it fit the idea. 
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dium. Aside from planets, it is known to contain innu- 
merable bodies smaller than the stars, and revolving 
around them. Such bodies fall upon the earth contin- 
ually in the form of meteoric stones and meteoric dust. 

Notwithstanding the irregularity of the distribution 
of cosmical matter, there is no evidence of its not being 
everywhere in great profusion. In regions of space that 
appear comparatively empty there may be the average 
quantity of matter. It may be present in numerous 
bodies too small to be seen, or in larger dark ones. We 
have very good reasons to suspect the presence of dark 
bodies of no inconsiderable size in the starry realms. I 
shall doubtless have occasion later in this work to refer 
to them more at length. 

The masses of matter that we call fixed stars are 
distributed at great distances from us and from each 
other. Relatively few can be said to be comparatively 
close. Most of them are sparse compared with the space 
occupied. The fact that these distances are indeed 
enormous is capable of accurate and unquestioned proof. 

A surveyor, wishing to measure the distance across a 
stream, can do so without crossing if he has an instrument 
adapted to the purpose. He measures a base line along 
the bank, and takes observations from each end of the 
line, of some object across the stream, measuring the 
angles. He then has a triangle with a known base line 
and two known angles, the other lines meeting at theapex 
across the stream. The calculation of the distance, 
from the data thus obtained, is a simple problem in plain 
trigonometry, and the width of the stream is accurately 
determined. 

In like manner, observations of the Sun, Moon, or 
planets may be made, and angles measured from two dis- 
tant positions on the Earth, giving a known base line. 
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spectrum of a compound changes into the lines peculiar 
toits constituent elements. It is found that when sub- 
mitted to still higher degrees of heat the spectra of the 
so-called elements show a tendency to break up in the 
same manner. Aretheyalso compound? Is there more 
than one primary element? 

Solid, or liquid, bodies give out continuous spectra. 
Gas givesout bright lines only. When light from solids 
orliquids passes through a gas, the gas absorbs those 
rays of which its own spectrum consists. 

It may be considered proven, that we have to deal in 
the stellar regions with the same elements we are in close 
contact with in the Earth, and that the distribution of 
these substances is co-extensive with that portion of space 
that is known. Lockyer aptly calls the lines of the 
spectrum, '' The cypher of the Universe." 
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Vital forces being correlated with chemical and other 
physical forces, and like them, being properties insepa- 
rable from matter, and therefore as here manifested con- 
stituents of the solar system, must share its fate. 

'The evolution of the living parts of the Universe is ac- 
complished through the supply of nourishment derived 
from the so-called dead, or decomposing portions. In all 
this changing process, there can be no atom of matter, 
or its inherent force and potency, either lost or gained. 
To every excitation of energy above the average level, | 
there is a corresponding depression elsewhere, and the ebb 
and flow is universal and eternal. 





CHAPTER VI. 
NEBULA. 


OUBTLESS the reader has noticed that the pre- 
ceding chapters are of a somewhat preparatory or 
introductory character. An attempt has been made to 
clear the way for a broader conception of the real na- 
ture of the celestial bodies, before proceeding to anything 
like systematic description. Weare trying to get better 
acquainted with the matters with which we have to deal. 
I purpose to take up, first the nebule, then the stars, 
solar system, etc., in the order of theirevolution. It was 
thought to be the best and most natural way of treating 
this great subject to begin with the primitive or com- 
mencing stage of world-life. This plan is also in ac- 
cordance with the general scope of this work, it being an 
attempt to aid in arousing popular interest regarding the 
more advanced teaching of Science. To better do this 
I begin with the more simple forms of matter and go for- 
ward to the more diversified and complex. 

The plan necessarily includes a brief review of the 
evolution from primitive matter upward, and the return 
tothe samestate. It must not fail tocall attention to the 
eternal continuity of such cosmical changes. 

The ancients knew nothing of the nebule. They are 
not even mentioned in their most elaborate and popular 
theories of creation. The stars were mentioned among 

(32) 
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small stars about two degrees apart, on the east of Vega 
form with it a triangle with the great star at the apex. 
Half-way from Vega to the star in the foot of the cross in 
Cygnus you pass two stars about two degrees apart, Beta 
and Gamma, in Lyra. The only annular nebula accessi- 
ble by common telescopes lies between these two stars. 
This wonderful object is probably in shape a perfect ring. 
It lies inclined sufficiently to appear to us slightly oval. 
A light nebulosity is seen in the interior of the ring, but 
no central body. 

It is well to remember our bearings, doing the best we 
can toward ‘‘blazing’’ our way, for we will want to re- 
turn to this captivating region. 

While we areso near, take a look at Hercules, the con- 
stellation next west of Lyra. You will recognize it by a 
trapezoid of stars of the third magnitude. They are ona 
line with Vega and the star of the second magnitude in 
the cross in Cygnus. Between the two stars forming the 
west side of the trapezoid is a superb object, just visible 
to the unaided eye, and seeming to be a nebula when 
viewed with low powers. It is, in fact, a splendid globu- 
lar cluster of stars. This is one of the most interesting 
objects in the heavens. It is no exaggeration to say that 
in this comparatively dense cluster there are thousands 
of stars, —a galaxy in itself. Compare it with the easy 
cluster previously mentioned, in Perseus. 

When Lyra is in the zenith turn your back on the 
northern sky and stroll to the southward. The red, first- 
class star Antares,is in the constellation Scorpio, the 
most conspicuous in that region. Half-way between 
Antares and Beta Scorpio, the second-magnitude star 
north-west of it, is an.ther fine object. Dwell long in 
Sagittarius, next east. See that beautiful cluster near 
the handle of the ‘‘ little dipper," and sweep around and 
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The components are of nearly the same magnitude and 
easily separated with a small telescope. In this pair, as 
in many others, a movement of revolution has been 
observed. 

Antares, the great red star in the heart of Scorpio, isa 
double that will repay you for your time spent on it 
when conditions are favorable. 

Here are the names and periods of revolution of a few 
double-stars: Kappa Pegasi 11.04 years; Delta Equulii 
11.05; Beta Sagittari 18; Zeta Herculis 34; Eta Cor- 
ona Borealis 42; Sirius 52; Alpha Centauri 81; Mu 
Bootes 219; Delta Cygni 377; Castor 1001 ; And Zeta 
Aquaris 1624 years. Ф... 

Let the reader go ahead ; he will find lovely objects 
for study in every don cibum 

The number of stars visible to the unaided eye in the 
northern sky is estimated at 3,000, and in the whole 
heavens at 5,000. It is within reasonable limits to say 
that a moderate sized telescope will show over 1,000,000 
stars and the best instruments over 50,000,000. ‘These 
are merely estimates to be sure, but they must be regard- 
ed as conservative. 

In the star cluster known as the Galaxy, or Milky 
Way, to which our solar system belongs, the stars are al- 
most innumerable. "The better the telescope, and the 
greater the distance reached in the abyss of space by our 
perfected sounding-lines, the more millions of stars are 
added to the known Universe. Yet, all these are but as 
an atom to those that lie engulfed in the boundless 
realms beyond. 

The distances, even of the stars nearest to us, are sim- 
ply amazing. Using the diameter of the Earth's orbit, 
185,000,000 of miles, as the longest available base line, 
the nearest star is so far removed, that the parallax ob- 
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As the distances are too great to be measured, it fol- 
lows that the real sizes of the fixed stars can only be left 
to conjecture. This statement receives added force from 
the fact that no fixed star has yet shown a sensible disk А 
іп a telescope. When best defined, the image of the star, 
though dazzling in brilliancy, is still only a point of light. 
When we consider the immensity of their distances, we 
are prepared to believe that many of them must far sur- 
pass our sun in size and grandeur. Certainly, Sirius, tak- 
ing account of its great distance, is in fact many times 
more brilliant than the Sun. This must also be true of 
Arcturus, Vega, Capella and many others. Atthe com- 
paratively shorter distance of 61 Cygni, oursun might be 
detected by close attention, but it would be an insignifi- 
cant object among the stellar hosts. The Earth would 
be invisible with telescopes. 

Satellites revolve around planets, planets around the 
Sun, and the question naturally arises whether the Sun 
isat rest, or moving with his attendant worlds along a 
mighty orbit. We have found by direct observation and 
careful measurement in the case of binary and multiple 
systems that some star-suns do in fact revolve around 
primaries, and in a few their periods have been determin- 
ed. It is more than doubtful if any celestial body could 
maintain its equilibrium and remain at rest. So far as 
is positively known all are in motion. ‘They moveinan 
. orderly manner around some central body or around a 
center of gravity common to two or more of them. These 
systems are themselves moving rapidly through space. 
If we reason from analogy, we are led to think that they 
are also in their flight moving in elliptical orbits. 

Herschel discovered that our sun is moving toward a 
certain point in the constellation Hercules. "Though the 
motion is more rapid than that of a ball when fired from 
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that, even up to the present day, many of the crude 
absurdities are faithfully and sincerely believed in, after 
their utter falsity has been conclusively demonstrated by 
countless facts and logical deductions, accumulated by 
scientific investigation. 

Saddest of all, mvriads of people still voluntarily 
court poverty and dire distress, that great and powerful 
institutions may be equipped and maintained to perpetu- 
ate error under the guise of truth. They display anxi- 
ety to ignore the truth, and go out of tleir way to de- 
nouuce and ostracise those who, without hope of reward, 
aud in spite of refined persecution, endeavor to guide 
their faltering steps aright. 

Fear, crouching in a quagmire of bare possibility that 
things may turn out ina supernatural way, attempts to 
pull down the proud figure of Truth, standing on the 
solid rock of scientific and mathematical deduction 
through the law of probabilities. 

The real question is not what possibly may be, but 
rather, what in all probability, is true. One proposition 
appeals to our superstitious fears, born of ignorance ; 
the other to reason and common sense, —founded on ob- 
servation and experience. 
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much more on Mercury than did the little instrument 
of Galileo. 

No almanac, or directions are needed to identify the 
planet Venus. It is the morning and evening star,— 
the brightest of all the retinue, being visible to the 
naked eye in the daytime. Its light, sufficient to cast 
a shadow, is too dazzling in the telescope for distinct ob- 
servation. Its phases are just out of reach of the naked 
eye, and yield readily to the lowest magnifying powers. 
It, like Mercury, has no satellite. It being like Mercury 
an inferior planet, it is never seen in opposition, in fact it 
is never more than 48 degrees from the Sun. The limits 
of its elongation, being much greater than in the case of 
Mercury, proves that its orbit is also farther from the 
Sun. 

Its greatest distance from the Sun is 67, 500,000 miles, 
least distance 66,600,000, and its mean distance in round 
numbers 67,000,000. These numbers show its orbit to 
approach nearly toa circle. The orbit inclines to the 
ecliptic 3° 23. Its period of revolution is 224.7 days. 
Its diameter is 7,660 miles. Its density 0.85 that of the 
Earth, and its specific gravity 4.81; that of the Earth 
5.66. 

It will be noticed that this planet resembles the Earth 
quite closely in many important respects, Its rotationis 
supposed to take place 1n about the twenty-four hour 
period, but owing to the difficulty of observation it has 
not been positively determined. In fact here, as in the 
case of Mercury, our knowledge remains where the early, 
inferior telescopes left us, as far as the surface of our 
neighboring world is concerned. We know its various 
phases well, from slender crescent to full, but little else 
has been revealed by telescopes. 

Yet, with the exception of the Moon, it is the nearest 
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most exquisitely constructed telescope, the Moon would 
still appear no better than it would to the eye alone if 240 
miles away. Yet, a small instrument of only two or 
three inches aperature, bearing well a power of about roo 
diameters, will display hundreds of very instructive feat- 
ures. It would be a waste of time to look for goats, or 
to make any chicken estimates. 

The conclusion is forced upon us that the Moon is not 
inhabited on the side always turned toward the Earth, 
whatever may be the case with the other hemisphere. 

Occultation of stars by the Moon is of frequent occur- 
rence, and their instantaneous extinction is evidence of the 
absence of atmosphere. If water was present it would 
form clouds in an atmosphere. If clouds were present 
our optical means would make them easily visible ; but 
it isnot known that any have been seen. Some observers 
have thought they have seen a slight haziness and some 
changes of appearance 1n a few low places, but if any at- 
mosphere exists it is exceedingly rare ; and there can be 
very littleif any water. The absence of seas, atmosphere, 
vapors, storms and wind, leaves the rocks and mountains 
unworn and angular; and volcanic dust remains as it 
falls, forming circles around the numerous craters. These 
constitute, perhaps, the most striking features of the 
lunar landscape. 

When the Moon is full, the light from the Sun falls 
straight upon it and we look directly at it. No shadows 
are cast, and we have a good view of the so-named seas, 
which are really great undulating plains, that may in- 
deed be the dry bottoms of ancient seas. As the satel- 
lite passes through its various phases, we have all the 
advantages of oblique illumination ; the dark shadows of 
the hills and mountains are brought out with wonderful 
distinctness, and may be readily measured. Computing 
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terraced, and rises 11,000 feet. It is also, like Tycho, 
a center of a region of bright streaks. 

To the west of Plato are the mountains called the 
Alps; and just over the line, in the northwest quadrant, 
is the Great Valley of the Alps, a cleft over 80 miles 
long and from four to five miles wide, breaking through 
the mountains in a straight line. It looks as though a 
great meteor coming from the northwest had struck a 
glancing blow aud stopped before reaching the large 
plain. About half-way from this region to the equator 
is a chain of mountains 460 miles long, the lunar Apen- 
nines ; the highest peak 21,000 feet. 

Of course, clefts are numerous, some of them of great 
length, with unworn edges and reminding one of cracks 
іп glass. ‘There are faults, and wrinkles, and hills and 
valleys. "The whole globe has an old and wrinkled 
look. 

A remarkable object, probably caused by a fault, one 
side being lower than the other, called the Straight 
Wall, or The Railway, a straight line, 60 miles long, 
in the southeast quadrant some distance northeast of 
Tycho, is well worth the amateur’s time to look up. 

The highest mountains are the Leibnitz, near the 
south pole, at the edge of and a little beyond the limb, 
30,000 feet above the surface. I have seen them in 
profile during an eclipse of the Sun. In comparing 
lunar mountains with ours, allowance must be made for 
there being no seas on the Moon. 

If we accept George Darwin's tidal theory, the rota- 
tion of the Moon during its probable period of habita- 
bility was much more rapid than at present. 

To me there are no more interesting objects on the 
Moon than those old circular craters that lie partly in the 
higher land and partly in the plain. In many instances 
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be due to the color of the soil, by others to red vegetation, 
or both. "The nature of the so-called seas is yet a matter 
of doubt; they are said to appear more like an uneven 
country through the Lick telescope, and the straight 
lines were not seen, and the alleged signal resolved it- 
self into a mountain peak. 

There are unquestioned features resembling those of 
our planet ; the seasons, the atmosphere, the clouds, the 
ice-capped, polar regions, with the presence of water. 
The aqueous vapor no doubt accounts for many discrep- 
ancies in observations. It is evident that seas, continents 
and canals would be often obscured by the clouds. 

With the optical difficulties attending the atmosphere 
of the Earth, augmented by another atmosphere, —that 
of Mars, negative testimony loses much of its weight, 
and the positive evidence of those skilled observers who 
have seen appearances indicating the presence of a system 
of '*canals," cannot be ignored. Whether these or any 
other observed features are artificial or not, remains to 
be proven. 

Taken all together we must regard Mars as probably 
an inhabited world, and very similar to the Earth. The 
area of its seas is much less than those of the Earth, and 
its habitable land surface lying mostly in and near the 
equatorial zone, has nearly as great possibilities of popu- 
lation, notwithstanding the smaller size of the planet. 

Its seas are very likely reduced in extent from their 
former limits by the absorption of water, for Mars is far- 
ther advanced toward planetary old age than the Earth. 
If there were parts of old ocean beds already dry, it 
would tend to reconcile some conflicting observations. 

It is a legitimate presumption that Mars reached its 
habitable stage long before the Earth was fitted to sus- 
tain life, and therefore its present inhabitants have had 





CHAPTER IX. 


THE SOLAR SYSTEM, CONCLUDED. 


ATURN, shining with about the brilliancy of a star 
of the first magnitude, may be recognized by his 
pale steady light. Any one whose anticipations have 
not been unduly aroused by fine pictures of the planet, 
when viewing it for the first time with the telescope, will 
not fail to feel pleasure and admiration. It is a grand 
telescopic object. The globe itself shows very much like 
Jupiter, only smaller, paler, less flattened at the poles, 
and the belts less distinct. There have been spots of 
sufficient permanency to enable the rotation to be ap- 
proximately determined, but as is the case with Jupiter, 
it is probable that no vision has ever penetrated the deep 
layers of vapor. 

The superb system of rings by which the globe is en- 
vironed, is unique in our planetary system. They are 
not indistinct and nebulous, but shine with the pale lus- 
tre of the body of the planet. A view through a ınoder- 
ate telescope, of the planet, his rings when open, and his 
eight satellites, or as many of them as may be visible at 
the time, 1s well worth a journey to see, and when right- 
ly understood, will convey a most instructive lesson. 

The average distance of Saturn from the Sun is 
884,000,000 miles, its mean diamieter is 71,000 miles, and 
it rotates on its axis in about 10 hours and 14 minutes. 
Its year is equal to 29 and 1-2 earthly years. Its density 
is only one-eighth that of the Earth. (78) 
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planets, and the ''stars also," were made to give them 
light. Could they not see them, all these hosts, with 
their own eyes, revolve once in each of their days around 
their home? Such was the thoughtful care of the un- 
known being they worshipped. "They were zealous to 
persecute and torture the poor heretics who dared to deny 
it, and to affirn that the phenomenon was due to the 
rotation of their own tiny moon. Of course it took a 
ınan-like god to plan and construct such a mechanical 
Universe. This belief came to be the foundation of 
their religion. Often pernicious effects continue long 
after the initial causes are removed. Religions, profitable 
to a ruling class, die hard ; they have nine lives. The 
cosmogony and theology of the Titans were just as rea- 
sonable as those of the ancients we revere. Even in this 
advanced age of Titan they may continue to willingly 
pay from their hard earnings— means to be used to per- 
petuate their own follies and fears. This is indeed to 
kiss the rod that smites them. 

The supernatural has a place in the line of evolution, 
but it is low down toward the foot. 

Uranus, the next planet to Saturn, barely visible to 
the naked eye, was not known to the ancients. It was 
discovered in 1781, by Sir William Herschel, with his 
great reflecting telescope. Its distance from the Sun is 
I,781,900,000 miles; diameter about 31,000 miles; 
sidereal period about 84 years; volume 65 times the 
Earth ; mass 14.7 times the Earth, and its density 0.22 
that of the Earth. Little has been learned about it by 
telescopic observation, and its period of rotation is un- 
known. 

Herschel thought it was attended by six satellites, 
but only four are positively known. Their orbits lie at 
right angles to the path of the planet ; the only instance 
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fear. Even Josephus believed a comet to be an omen of 
the destruction of Jerusalem. Such notions do not seem 
so absurd to those who, knowing little of nature’s ways, 
habitually ascribe almost every phenomenon they may be 
unable to explain, to supernatural agency. Almost 
anything was easy to people so credulous as to believe 
that the Earth ceased to rotate, or turned back. (Sun 
stood still for nearly a day for Joshua, and the shadow 
returned ten degrees on the dial of Ahaz to convince 
king Hezekiah,— Bible.) Weigh all things, carefully, 
with the steadiness of courage, and with an even 
balance. 

The work of science in clearing and making easy the 
paths for unwilling and faltering feet has been Hercu- 
lean ; but it has been and now is a labor of love. 

Conspicuous comets are not common, but nearly every 
year several telescopic comets are added to the list. The 
number of these wanderers that have passed around the 
Sun has been estimated at thousands and even millions. 
In searching for remote comets, or in examining large 
ones, the larger aperture should be used and the lowest 
eye-piece. 

Comets vary greatly in size, brilliancy, length, ard 
shape of tail, rapidity of motion, etc., and the same one 
may change perceptibly in a few hours. They are very 
light ; their attraction not being sufficient to cause per- 
turbation when they pass near the planets. "The orbits 
of several have been computed, while others are of long 
or unkuown periods, if indeed they ever &gain visit our 
System. 

Their tails develop as they approach the Sun, point- 
ing away from that luminary. After its perchelion pas- 
sage, which 1s very rapid, the tail of a comet will still 
point away from the Sun. The tail seems to be driven 
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comets have been seen in modern times surpassing in 
interest the great one of 1882. It was so bright as to be 
visible in the day time when near the Sun. It appears 
to have passed that luminary only abdi 300,000 miles 
from its surface. Its period of revolution is nearly 800 
years. Š 

The comet of 1744 had 6 tails; and Biela's comet 
divided into two, both visible in the same telescopic 
field of vision and each having coma, nucleus, and tail. 

Meteors, aerolites, or shooting stars were regarded with 
wonder and superstitious awe in ancient times, and it is 
related that meteoric stones have been preserved in 
churches and temples as religious relics. One is men- 
tioned by Pliny, which fell in 467 B. C., in Thrace ; the 
size ofa wagon. In 1492, one fell in Alsace, weighing 
260 lbs., which is still preserved in the church of En- 
sisheim. At Mecca, is the ‘‘ black stone’’ which is be- 
lieved to have been brought from heaven by angels. It 
is about 7 inches in diameter, and Burton says it ap- 
peared to him like a common aerolite. It is worn 
smooth by the lips of the worshippers who have rever- 
ently kissed it. There was a shower of stones in Crema 
in 1511 ; 1200 pieces were collected. 

On April 26, 1803, at Aigle, in France, a number of 
stones fell, the largest weighing 20 lbs. "There have 
been hundreds of authentic cases recorded. A meteoric 
stone in the Smithsonian institution weighs 1,400 lbs. 
May 1o, 1879 there was a meteoric fall at Esterville, 
Emmet county, Iowa. A fragment penetrated the 
ground 14 feet. A number of pieces were found ; one 
weighed 431 pounds, another 170 pounds, and all that 
were found made 640 lbs. 

Hundreds escape from the Earth's attraction and pass 
on their course. Kepler was right when he thought 
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hidden from sight by clouds or the brightness of the 
Sun, or where there are no eyes to see. Their num- 
bers are simply incomprehensible ; even those that come 
within the Earth's attraction. Then how vast the 
numbers contained in the space once filled by the solar 
nebula, to say nothing of interspellar space. 

: "The Zodiacal Light is a triangular track of light seen 
after sunset and before sunrise, stretching up from the 
horizon near the Sun, and extending upward of 50 
degrees. Its axis corresponds with the ecliptic. It 
fades away at each side and toward the Zenith. ‘There 
have been several theories advanced to account for it ; 
one that it is a solar atmosphere, and another that it isa 
ring around the Earth ; although plausible, both theo- 
ries encounter fatal objections. 

The theory generally adopted by astronomers is that 
of Laplace, the originator of the nebular hypothesis. 
‘If in the zones abandoned by the atmosphere of the 
Sun there should be any molecules too volatile to be 
united to each other or to the planets, they ought, in 
continuing to circulate around this star, to offer all the 
appearances of the zodiacal light without opposing any 
sensible resistance to the different bodies of the solar 
system, either on the account of their extreme rarity, 
or because their motion is nearly the same as that of the 
planets with which they come in contact." 

All the conditions seem to be met by supposing the 
zodiacal light to be caused by a multitude of minute 
meteoric bodies traveling in elliptical orbits around the 
Sun. The variabilities noticed are all explained on this 
theory, and it also appears to be verified by the spectro- 
scope. 

The Aurora Polaris, or Borealis, nothern lights and 
southern lights, is undoubtedly caused by disturbances 





CHAPTER X. 
THE TERRESTRIAL CRUST. 


ANY millions of years ago when the Earth was a 

hot and liquid mass like the large planets are now, 

a seething mass of vapor enveloped the whole globe, 

cooling on the exterior, falling in places under the force 

of gravitation, to be again forced upward by the internal 

heat energies, and swept and tossed by violent storms. 

The rotation of the Earth was much more rapid then, 

than now, and the vapors as seen from Mars, lay in belts 
parallel with the equator like those of Jupiter. 

A time was reached in the cooling process when the 
surface of the liquid mass began to solidify. Probably 
the first solid crust fields were broken up by the constant 
agitation, sank in the lighter fluid and remelted. Ages 
passed, and at last a more enduring crust was formed up- 
on the thickening liquid, and the pent up vapors found 
veut through numerous fissures. The struggle between 
the cold without and the heat within, went on. The 
cooled and condensed vapors fell in continual showers, 
only to be instantly again converted iuto steam. 

The attraction of the Moon, then nearer the Earth than 
at present, caused bodily tides that rent and displaced 
the rising and falling crust. Overflowing matter solidi- 
fied and strengthened it for the next tidal wave to break. 
It was a long and tedious process before the crust became 
cool enough for the rain to gain upon the evaporation 
and allow pools and little lakes to form. (90) 
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some late, standard work, devoted exclusively to geology, 
and make comparisons with their own observations. The 
busy man could find time, that perhaps he now wastes ; 
there are evenings in plenty, and fifty-two Sundays in a 
year. Five hundred full days of Sundays in ten years, if 
well improved, would enable a man of average mental 
capacity to store up a large fund of useful scientific 
knowledge, that would draw the teeth and dull the claws 
of supernaturalism. Try it. 

Several scores of millions of years ago, when these 
primary changes were taking place, the length of the day, 
as has been shown by calculations, must have been less 
than a quarter of what it is now, and the Moon was only 
some 25,000 miles from the Earth. ‘The time of rotation 
of the Earth and the distance of the Moon have gradual- 
ly lengthened under the influence of tidal action, as has 
been shown by George Darwin. All this must be con- 
sidered in imagining the then prevailing conditions. 

After the crust had become permanent, it remained for 
ages at red-heat, and the atmosphere was charged not only 
with aqueous vapor, but with many of the more volatile 
and gaseous elements. The first lakes were formed of 
boiling saturated solutions. Chemical changes were go- 
ing on, aud in the direction of the more complex, as it 
had ever been during the evolution from the nebula. 

It is not probable that any portion of this original crust 
is now exposed, or in any way accessible to geologists. 
It does not matter, for the changes wrought by the action 
of the various forces would have prevented recognition. 

The crust has continued to increase in thickness by 
crystalizations upon the interior surface from the cooling 
liquid mass, from matter ejected by volcanic action, and 
from the fall of meteors and meteoric dust from the re- 
gion outside our atmosphere. If the rocks lay undisturb- 
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ite, and consist largely of gneiss, have a stratified charac- 
ter, are of great extent and thickness, and represent well 
toward half of the tiıne passed since they began to form. 
They were made up of the debris of the earlier rocks, 
worn down by rains, streams, tides, wiuds, changes of 
temperature, chemical action, etc., and deposited as sedi- 
ment in the ocean. In time they were elevated as other 
portions of the globe were depressed, and became dry 
land ; and the sediment dried and hardened into solid 
rock. All geological changes, or nearly all, are brought 
about slowly, and by these steadily acting natural causes, 
and require vast periods of time. 

The strata embraced in the Archean, includes the 
Laurentian system, which in Canada is estimated to be 
50,000 feet thick. Large quantities of iron are found in 
these strata. The internal heat of the Earth has meta- 
morpliosed this mass of rocks, and burned out or altered 
bevond recognition the organic remaius it doubtless 
once contained. 

It wasinthe great period during which these strata were 
being deposited, that life must have originated upon the 
Earth ; unless, indeed, it began in a preceding age. 
Along the shores and lagoous, aud amid the deposits and 
chemical changes of the warm primeval ocean, con- 
ditious were ınore favorable than at any later period for 
the formation of colloid compounds, aud protoplasm ; 
“The living matter from which all kinds of living 
beings are formed and developed, and to the properties 
of which all their functions are ultimately referred.” 
The step was comparatively short froin uustable, jelly- 
like chemical compounds with gently active properties, 
to the unstable jelly-like chemical combination known 
as protoplasm, that displays, as in the Amoeba, slowly 
and faintly, the properties of motion, and dawning sen- 
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origin insufficient. The controversy in itself might be 
taken as evidence that it helps to bridge any alleged | 
gap between the highest mineral and lowest organic 
forms. 

'The vast amount of sedimentary rock found, indicates 
a like amount of other rock ground up and disintegrated 
into mud and washed into the ocean. This process 
being constantly going on, it follows that the same 
material has gone through these changes many times. Ë 
Rock, when elevated to the surface, becomes subject to 
erosion. . In any locality there will be many long gaps 
in the geological record—for fossils are destroyed with 
the strata. Such a gap intervened between the 
Archzan system and the Palzeozoic, and it was of great 
duration. Future discoveries will doubtless help to 
connect the history by filling up this vacant place as 
others have been filled in the past. 

It is not likely that any remains of the first living 
organisms will ever be found ; they were simply naked 
protoplasm, without any hard parts capable of perma- 
nent preservation in a fossil state. 

The Paleozoic era is also called the Silurian Age or 
age of invertebrates. The processes of evolution had 
been going on in the long interval, and the newer age 
opened with more highly developed animals and 
plants. 

The many thousands of feet of strata were formed of 
sediment deposited in shallow water,—and of course 
during a long continued gradual subsidence of the areas 
covered. During the earlier part of the era the highest 
animal life that appeared is represented by chambered 
shells, and in the later period, the lowest forms of 
vertebrates appeared. 

The Paleozoic rocks are divided into the Silurian, 
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were amphibious, forming a connecting link between 
the primitive Sauroid fishes and the saurian reptiles 
which succeeded them. 

Already a number of organic forms had become less 
fitted for the conditions than were their rivals aud ene- 
mies—and had therefore become extinct. "The fittest 
survived in the struggle for food and life, 

In the Permian period there was a gradual transition ; 
among animals toward the reptilian type, and the coni- 
fers, among plants became more marked, and palms 
appeared. The first reptiles were derived from the am- 
phibians and through them the lowest mammals origi- 
nated. | 

'The Mesozoic era was essentially the age of palms and 
reptiles. It is divided into three subdivisions: Triassic 
Jurassic, and Cretaceous. In the Triassic period there 
were cypress-like conifers, palms and tree-ferns, early 
types of lizards, reptiles with beak-like jaws, animals 
intermediate in structure between reptiles and birds, 
while in size they resembled elephants and crocodiles. 
There appeared also the first and lowest of mammals 
resembling the marsupial animals of Australia. Beds of 
rock-salt were deposited in the briny enclosed seas. 
From the saturated saline waters were deposited in suc- 
cession : (I) The least soluble salt, sulphate of lime; 
(2) Common salt or chloride of sodium; and (3) 
Chloride of potassium and magnesium.  Rock-salt is 
not confined to the Triassic periods, but has formed in 
every geological period including the present, for it is 
forming now. 

During the Jurassic period, а. few animal forms be- 
came extinct, while many others continued to change 
along the line of development toward.modern types. 
Among the crustacea and molluscse there was a decided 
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shake loose the theological and chronological creations 
that belong to the same age and are on the same dead 
level. 

Some timid souls have taken it upon themselves to 
deprecate, what they are pleased to call the attempts of 
some geologists to over-estimate the duration of the geo- 
logical periods. We have never seen such attempts, on 
the contrary there has been universally, from the 
causes indicated, a tendency to adopt minimum esti- 
mates, Under the circumstances it is hardly possible to 
over-estimate. The present writer confesses to being 
conscious that he is still influenced by these early 
"causes," and, as the reader has probably noticed, 
either refrains from making estimates, or adopts the 
minimum figures. We do no violence to this supersti- 
tion when we predict that the time is not far distant when 
it will be generally admitted among scientists, that men, 
the forefathers of the present race, although in a transi- 
tional state, were already the intellectual lords of the 
animal kingdom, hundreds of thousands of years ago. 
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variations which are noticeable in all species of animals 
and plants, have in the cases of domesticated animals and 
plants been seized upoti and perpetuated by breeding and 
grafting, according to the interest or fancy of their own- 
ers, The reader will recall many such instances. I rèc- 
ollect of being delighted when a boy, ata flock of chick- 
ens that had been purchased from various sources, and 
embraced Brahmas, Bantams, Crested Polands, Dorkings, 
with five toes, Dominiques, and a breed without tails, and 
another with the feathers pointing toward their heads. 
Then there were pigs that shed their tails when a few 
weeks old. 

If in variation under domestication, a process of selec- 
tion where undesirable qualities are eliminated and desir- 
able ones indefinitely retained, results in distinct varie- 
ties ; then why not form species by the continuance of 
the same processes through an indefinite length of time. 
Geology, Archaeology and History give all the time re- 
quired, if natural selection is at all as efficient as human 
artificial selection. 

Great as are the present differences among domestic 
pigeons they have all descended from a common stock, 
the rock-pigeon. The dogs could be traced back to a 
few allied wild progenitors, if the records were com- 
plete. "The same holds true of the other improved 
breeds of animals and the improved varieties of fruits, 
ornamental trees, shrubs and flowers. The same orig- 
inal stock contained the potency, of producing either the 
Crab-apple or the Tallman sweet, under different con- 
ditions. The multiplication of wonderful varieties of 
roses and other ornamental flowers is looked upon as a 
matter of course. In garden vegetables remarkable 
improvements have been made by selection as well as in 
wheat and other cereals. For example take the Bras- 
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bark, or flowers on which they feed. Their color pro- 
tects them from being so readily seen by insectivorous 
birds. "Those varieties possessing this mimicry in the 
highest degree were the favorites in the struggle for 
existence. "The tree-frog finds his color useful in de- 
coying his prey. ‘The whippowil lays her two eggs 
among the leaves ou the ground without any nest ; the 
downy young birds are the color of the dead leaves, and 
it is difficult to tell the old bird from a knot or piece of 
dead wood. The down on some fruits is a protection 
against curculio, the beetle attacking smooth fruits in 
preference. This is like the protecting thorns and 
prickers of many species of plants. They are either 
modified limbs or vegetable hairs. 

Leaves are metamorphosed in many useful ways. A 
potato is a leaf changed by being under the surface of 
the ground. Flowers are modified leaves. 

Many kinds of flowers depend upon bees and some 
other insects, in no small degree, for the distribution of 
pollen grains to fertilize the female flowers. Natural 
selection has enabled theın to attract bees by the nectar 
secreted and condensed near the base of the petals, and 
by their striking beauty. The pollen readily adheres to 
the hairy covering of the bees and is carried from flower 
to flower. The tongues or mouth parts of bees and but- 
terflies are also modified by natural selection, to give 
them sufficient length to reach the nectar of their favor- 
ite flowers. So it comes to pass that changes in one or 
a few species ınay affect many others. 

The Sarracenia, or Pitcher-plant of our bogs, attracts 
insects toits hollow tubular leaves, that are generally 
part full of water, in which the insects drown, decay, 
and help nourish the plant. Natural selection has 
modified the form of the leaves, the size of the openings, 
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changed. This holds true to a certain extent with all 
organisms. It follows that we have living at the same 
time the higher organisms peculiar to recent times, and 
many of the lower types holding over from earlier peri- 
ods. As long as there are places only fitted for the lower 
orders of animals and plants, they will be occupied by 
such, and little or no advance will be made among them. 
The competition from among higher forms remains at a 
minimum. 

Again Darwin: “© As buds (of a tree) give rise by 
growth to fresh buds, and those, if vigorous, branch out 
and overtop on all sides many a feebler brauch, so by 
generation I believe it has been with the great Tree of 
Life, which fills with its dead and broken branches, the 
crust of the Earth, and covers the surface with its ever 
branching and beautiful ramifications.” 

Under the conditions arising from ceaseless and untir- 
ing change in everything pertaining to our planet, it 
happens that no two individuals are begotten under the 
same general conditions, nor, even if of the same parent- 
age, from the same adinixture of exactly the same sexual 
elements. When this fact is fully considered, it becomes 
at once evident that variation in the character of the off- 
spring, must be the general rule. Still more light is 
shed upon the causes of variation and also of heredity, 
when we consider that the newly -conceived organism is 
composed of particles of the actual substance of its par- 
ents; and that this substance has the attribute of in- 
creasing in size by the assimilation of nourishment, with- 
out losing its original peculiarities. 

Organisms are modified to some extent by climate, 
food, associations, etc., during the plastic period of their 
lives. 

Effort put forth by a highly developed animal leads to 
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lection partly at the expense of less useful adjacent ones. 
The increased use of the brain by the more highly civil- 
ized peoples, and the decreased use of teeth because of 
the food being more finely prepared, and requiring less 
mastication, has tended to produce better brain and poor- 
erteeth. "The part that is most used will receive the 
greater flow of blood, and therefore the most nourishment. 

The flank-membrane of the squirrel is, in some species, 
more or less distended, and in the flying squirrel it is so 
greatly distended, as to unite their limbs and the base of 
their tails, so as to form an imperfect substitute for wings. 
They can sail to a considerable distance and so escape 
their enemies, secure food in otherwise inaccessible 
places, and avoid injury in case of accidental falls. The 
extreme of this remarkable kind of variation is reached 
in the hands and fingers of bats, and becomes more use- 
ful by reason of the character of their food. 

In studying the probable origin of complex and highly 
differentiated organs, like the eye, we must trace them 
backward to simpler forms. We have in the infusoria 
eyes that are merely more delicate and sensitive spots. 
Bare nerves are sensitive to air-waves, heat, and if very 
delicate, doubtless to light. "The simplest forms of eyes 
in the lowest living animals are not much if any more 
than ends of nerves shaded with pigment cells. The 
gradation from these to the eyes of the mammalia is 
tolerably complete, and with a perfect geological record 
would be quite so ; but, of course a structure as delicate 
as the eye could not be expected to be well preserved in 
a fossil state. However, in no other way are such deli- 
cate organs so well accounted for as they are by the 
theory of natural selection ; and it is done to the satis- 
faction of the naturalists best qualified to judge. 

'The dust that covers the wings and bodies of butter- 
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then an important factor in naturalselection. Itiseasy 
to fall into habits of thought or action, and still easier 
in the direction of inherited tendency. In this way 
habits are formed that possess all the force of instinct, 
and cannot be distinguished therefrom. 

It will be remembered that bees, ants and other of 
the higher insects existed quite early in geological 
times, so they have had an enormous period in which 
to perfect beneficial habits, acquired little by little 
through natural selection. "Tiny chunks of wisdom, 
scattered through the ages, have been aggregated into 
the perfection of the hexagonal cell of the honey bee, 
and its system of labor, so that little direct reasoning is 
now necessary in their communities. This is instinct 
which was once reason. Yet, experiments have shown 
that honey bees will vary their methods somewhat to ` 
meet new conditions ; they have some reason as well as 
inherited skill. There are allied species of bees that 
construct more simple cells, and not always the per- 
fect hexagon. We have here as everywhere, the grada- 
tion of structure showing the handiwork of natural 
selection ; the opposite of special creation. The humble- 
bees make, as every country boy knows, ‘irregular, 
rounded cells, and there are other species of bees that 
make cells intermediate in form between those of the 
humble-bees and the hive-bees. 

We, ourselves, have instincts that we sometimes fol- 
low when reason would have been the better guide. 

Some aphides secrete a sweet Juice of which ants are 
very fond. Some species of ants keep and take care of 
these aphides for the purpose of having the juice, as 
men keep cows for their milk. They care for the eggs 
of the aphides, pasture the imsects on neighboring 
plants, attend to their safety in times of danger, and in 
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that moved the ears of our ancestral apes in a lively man- 
ner, in us are present, but so feeble that few men can 
move their ears at all ;—some by great effort, can do so. 
As a rule, with only a few exceptions, the mammary 
glands of all male animals are rudimentary. "The cres- 
cent shaped fold of skin in the corner of the eye is ail 
that remains of a membrane that, in some animals can 
be stretched across the whole eyeball to protect it. Fishes 
now liviug, allied to those of the Silurian period from 
which we probably lineally descended, possess this mem- 
brane fully developed. 

The great German naturalist, Haeckel, said in his 
History of Creation, speaking of superfluous rudimentary 
organs: "''Another of them is the rudiment of the tail, 
which man possesses in his 3 to 5 tail vertebree, and, 
which, in the human embryo, stands out prominently 
during the first two months of its development. It 
afterwards becomes completely hidden. The rudiment- 
ary little tail of man is an irrefutable proof of the fact 
that he is descended from tailed ancestors. In woman 
the tail is generally by one vertebra longer than in 
man. There still exist rudimentary muscles in the 
human tail which formerly moved it.” 

The vermiform-appendix, hanging from the ceecum, 
is a modification of the intestine in man and some of the 
higher apes and the wombat. It may still be of some 
use in secreting mucus to act as a lubricant to the ileo- 
саса] valve, and for this reason has not been entirely 
obliterated by natural selection ; but in many cases it 
is a positive damage to the individual, causing the 
dangerous disease called appendicitis. 

In birds, only the left ovary is developed and yields 
eggs; therightisaborted. Where by reason of modi- 
fications of structure, useful in important respects, there 
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versity of the bias common to us all through inheri- 
tance. 

Haeckel, in his careful and thorough study of the 
calcarious sponges, found not only that all the species 
had a common origin in one ancestral form ; but he 
found several forms that ‘‘ have been regarded, not only 
as belonging to different species, but even to different 
genera, all growing out from a single 'stock' or 
*cormus.? ” 

Another strong proof of the truth of the theory of 
descent is found in the distribution of animals and 
plants, They are found at present not as if distributed 
from any arbitrary center or place of creation, but on 
the contrary are found as they would be if descended 
from allied geological fauna and flora. Thus the past 
and the present are connected, the present distribution 
agreeing with the changes resulting from continental 
changes. 

It might very reasonably be inferred that primitive 
life originated in the regions where the Earth's crust 
first cooled,—near the poles. That there was at a much 
later period a continent, now submerged, in the Pacific 
ocean, that had much to do with the development and 
distribution of plants and animals, including varieties 
of men, has been rendered probable by the researches 
of Alfred R. Wallace in the Malay Archipelago. An 
iinportant part of the geological record, especially con- 
cerning the human race, may lie buried beneath the 
waters of that ocean. 

In tracing backward the origin of civilization, from 
the west toward the East, from Europe to Egypt, 
from Egypt to Central Asia, and on to China, the ex- 
treme eastern limit may not have been reached. Some 
of the gaps in the geological records may have had the 
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in the fishes may first be recognized with certainty as 
a tiny brain with cerebellum and cerebrum. In the 
reptiles the structure is still further advanced, and in 
birds the cerebrum 1s more decidedly larger in propor- 
tion, and the entire brain more complex. In mam- 
mals there is still further increase in complexity, and in 
the relative size of cerebrum to cerebellum, and of the 
whole brain to the bulk of the animal; this organ 
reaching its climax in man, ‘The skeleton and the 
circulatory and respiratory systems show similar gra- 
dations upward through all these classes of animal life. 

In the vegetable kingdom connected gradations from 
the simple to the complex are everywhere to be ob- 
served. The bacterium and the oak are connected by an 
evolutionary chain. All organic beings are united in a 
continuous network. The continuity from the lowest 
to the highest is complete and unbroken. We are all 
necessary parts of the same great, natural system. 
Through natural selection the effete branches and rami- 
fications have died out, and those best fitted for the un- 
stable conditions of life survive through their lineal de- 
scendants. Success in the struggle for existence was, 
and is, the reward of adaptation. Without plasticity 
all would have become extinct, or been confined with- 
out improvement to areas where the conditions of life 
remain stable. 

Fidelity to the truth requires that we must not ignore 
the fact, that with man as with.the lower animals, 
mental as well as physical characteristics are transmis- 
sible to offspring ; and therefore must necessarily have 
been inherited. Diseases of the lungs, liver, or of the 
mind; peculiarities, such as pride, ambition, fixed 
ideas and beliefs are subject to the laws of inheritance. 
It follows that mind and body are subject to the same 
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also discovered. In.all these eight specimens the tails 
were of about the same length and shape. So each and 
every individual human being, whether he be peasant 
or emperor, has passed through the stages of gill- 
breathers, —and tail-bearers. 

In this—the growth of the individual through these 
changes in so short a time, is more wonderful than the 
slow and gradual development of the race through the 
same structural changes. The life of each man is the 
type of the life of the human race. 
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CHAPTER XII. 


FROM ROCKS TO BOOKS. 


RE-HISTORIC TIMES, is the title usually given 
to the indefinite period of time connecting the 
testimony of the rocks with the testimony of written 
history, and covered by the science of Archzology. 
Archeeologists attempt to supply the evidence lacking 
in the later geological periods, and in the time preced- 
ing authentic history. That this period was of great 
duration there is no longer room to douht. It is divided 
into four great epochs: The Palaolithic period, where 
geology left animals now extinct living at the same 
time with primitive man, and the stone implements he 
made were not polished; the Neolithic period, or 
Polished Stone Age, where metals were not yet worked ; 
the Bronze Age, in which cutting implements were 
made of bronze ; and lastly, the Iron Age, when iron 
took the place of bronze except for ornament, and men 
began to leave written records. 

The early, crude flint implements are found widely 
scattered in both hemispheres, and under conditions 
that prove the presence of man during the subsidence 
of the continental ice sheets of the Glacial period. 
When we consider the great numbers of flint imple- 
ments that have been found, and how common are 
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known to antedate our era were found only slightly 
coated with stalaginite, while flint implements were 
found beneath an undisturbed deep layer of the same sub- 
stance. There were strong indications that the depo- 
sition of stalagmite had been continuous and at about 
the same rate. Perhaps the most remarkable cave-finds 
are the sketches on bone or stone, of fish, reindeer, ibex, 
horse, mammoth and man. 

The oldest human skulls and bones found in caves 
show that more than one race of men lived at an early 
period in Europe. Some ofthe skulls show, according 
to Prof. Huxley, *' ape-like characters." It will not be 
considered far out of the way to assign to the cave-men 

. a position about half-way both in time and development 
between the first men and the average of the present 
inhabitants. "The more the subject is studied the more 
convincing becomes the evidence of the great antiquity 
of man. Crude flint implements found in the highest, 
and therefore oldest terraces in river valleys, prove that 
men hunted and fished along the rivers before the val- 
leys were excavated by the water, but even then men 
were considerably advanced and widely distributed. 
Any so-called sacred, mythical, traditionary, or poetical 
chronology is pitifully inadequate. 

The first metal that was very much used to take the 
place of stone in the making of implements was copper. 
At first it was wrought by beating into the desired 
shapes. It does not appear that the American Indians 
had acquired the art of casting it. It is said to have 
been used in China 2,000 years, B. C., and in India at 
probably a later period. 

Primitive man has left behind him many evidences of 
his use of fire. In using this agent he had very early 
gained a great advantage over all other animals. Many 
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these people, who were constant eaters of human flesh 
abstained from eating their parents; but, perhaps, not 
so much from piety, or a sense of filial love, and duty, 
as from the fact that there were plenty to be had who 
were younger and more toothsome. Measured by the 
standard of faith, and the works naturally following it, 
the world has seen no people who would stand higher 
than these simple islanders; not even those who like 
Abraham, of old, were ready to slaughter their own 
sons, 

Savages may show very good judgment in most 
things, may be able to send the arrow or the boomerang 
straight to the mark, or pick out and eat the best 
human joints themselves and leave the poorest to the 
women ; but we owe them no apology when we value 
reason above faith, and accept Science and reject super- 
stition. Another result of their belief in a future state 
of existence was that when a chief died, wives and 
slaves were killed and buried with his body so that they 
could go with him on his journey to heaven. 

The native New Zealanders were a warlike race and 
fortified their villages with palisades and ditches, and as 
is ever the case, their gods were just as warlike, but a 
little more powerful than themselves. Their idea of 
heaven was that it was a place of continual feasting 
and fighting, where ''they would be victorious, and 
have plenty of fish and sweet potatoes."  'Their princi- 
pal god was a cannibal like themselves and they offered 
him human and other animal sacrifices. The smell of 
cooking flesh was a ‘‘sweet savor? to him. Sacrificial 
worship was practiced by many peoples of the earlier - 
times, as every Bible student is aware. The New Zeal- 
anders had another strange notion,—the belief that ' 
when they ate the bodies of their enemies they acquired 
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and twelve captured 'Trojans, were killed and burned. 
The idea seemed to be that horses, dogs, and even weap- 
ons had souls or shadows that would be useful to the de- 
ceased warriors on their journey. 

Sir John Lubbock after a careful examination of the 
evidence arrives at the conclusion that ''those who as- 
sert that even the lowest savages believe 1n a Supreme 
Deity, affirm that which is entirely contrary to the evi- 
dence." Among those who do not believe 14 a god or 
gods may be mentioned the Indians of the Upper 
Amazon, the Samoans, the Aru Islanders, the Abipones, 
the Hottentots, the Kaffirs and the Bushmen. The 
tribes that praised their deities when their affairs were 
prosperous, and blamed them when things went wrong, 
or put up ‘‘scarce-crows to frighten away their deity," 
or blamed him for their toothache, or prayed to him to 
stop the ravages of grasshoppers, (see the prayer and 
grasshopper proclamation issued a few years ago by the 
governor of a western state,) were nearly in the same 
class in many respects. 

The savage, like the primitive man, was continually 
and habitually alert, expecting to be attacked by ene- 
mies or dangerous animals ; asleep, they were the sub- 
ject of his dreams. Fear was always present. He was 
often unable to distinguish between subjective and ob- 
jective impressions. It was butastep farther to a be- 
lief in invisible beings that possessed some mysterious 
influence for good or evil. 

Stones have been used from very early times to mark 
boundaries aud graves, and as memorials of places and 
events. They may be rough or hewn, plain or in- 
scribed, single or in heaps, or in elaborately built pyra- 
mids. Heaps or mounds of earth were also largely used 
forthe same purposes. Both earth and stones have been 
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At Abury, in Wiltshire, England, was a similar, but 
probably still more ancieut temple, that in some ways 
surpassed Stonehenge. The outer ditch and bank en- 
closed 28% acres. Inside of this was a circle made 
originally of 650 large unhewn stones. There were two 
small circles made of smaller stones inside the large 
circle. From tle ruins of this temple two winding 
avenues of stones start and diverge in aserpentine form ; 
oue ending in a small stone circle. Midway between 
the ends of these avenues rises an artifieial mound 130 
feet in height, called Silsbury Hill. "That this hill 
existed before the Roman conquest is proved by the fact 
that the builders of a Roman road changed from a 
straight line to avoid the hill. Of the people who con- 
structed this wonderful work, or the period in which 
they flourished nothing is known ; but there is reason 
to believe that the Phoenicians extended their commer- 
cial voyages as far to the north as Britain, and their civ- 
ilization may have been a factor in so great a work. 
This idea is however of little value, for the ruins in ques- 
tion may have been ancient at that time. ‘The ances- 
tors of those who speak the English language were in 
their stone age when they made the temple, as the char- 
acter of the work indicates. 

Many monuments to the dead, consisted of a single 
unhewn or roughly hewn stone set upright, many others 
of heaps of stones, and others of stones placed in circles. 
The sepulchral circles vary greatly in size as do their 
component stones. Perhaps the most remarkable of 
these works is at Carnac, in Brittany. It consists of 
eleven rows of stones of different sizes up t. 22 feet high. 
'These rows of monumental stones originally extended 
several miles. The stones are unhewn and are there- 
fore probably set by men unacquainted with metallic im- 
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serpent was regarded as a sacred emblem, and that the 
Mound Builders were in a state of zoolatry, or animal 
worship. This idea would account for the immense 
amount of time and labor expended in making the huge 
animal mounds. There are some indications that the 
Sun and Moon were included among their deities. 
There is much evidence tending to show that unlike the 
majority of their Indian successors they were an agri- 
cultural people, with a dense and widely spread popu- 
lation, 

Among the pre-historic ruins of Mexico are pyramids 
built of cut stone, square, rising in stages, and level at 
the top. The pyramid of Cholula, as measured by 
Humboldt was 160 feet high and r,400 feet square at 
the base, covering an area of 45 acres. 

At the time of the Spanish conquest, time had effaced 
all knowledge of the times when the ancient pyramids, 
temples and cities then in ruins, had been built. 

Extensive ruins are found in Central America, with 
temples ınassively built and ornamented with richly 
carved figures. In Peru are similar ruins, temples, 
aqueducts, bridges, and paved roads hundreds of miles 
in length, and passing along mountain sides where the 
difficulty of construction was enorinous. 

The great temple of the Sun, at Cuzco was attended 
by 4,000 priests. There were many temples, but little 
means of defence against rapacious and skillful enemies. 
On the shores of Lake Titicaca were wonderful works : 
whose origin was lost in antiquity. There are rows of 
great stones, some rough and some hewn, foundations, 
mouldings, cornices, doorways carved from single blocks 
of stone; ornamental carvings, and a terraced earth 
mound 650 feet long, 450 feet wide, and still remain- 
ing 50 feet high. "There are stones of hard trachyte cut 
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12,000 years. This estimate agrees very well with 
what the historian, Herodotus, learned when in Egypt. 
Those who have no ''accepted' chronology to bolster 
up will see no good reason to question the opinion that 
Egypt has been an inhabited country for at least twelve 
or fifteen thousand years, and that it was a prosperous 
nation, well advanced in the arts, at least five thousand 
years before the Christian Era. 

The pyramids of Egypt are the monuments and tombs 
of kings, are found in a necropolis, and contain sarco- 
phagi and mummies, The largest one covers an area of 
about r3 acres and contained 89,000,000 cubic feet. 
Its height was 479 feet and the length of its sides at the 
base 764 feet. In one of the sepulchral chambers near’ 
the center of the pyramid was found a sarcophagus too 
large to have been introduced through the entrance, 
therefore it must have been put in place before the room 
was finished. It contained the mummy of a king, richly 
decorated. "There are numerous other pyramids built on 
the same general plan. To quarry the thousands of 
huge stones, hew them, transport them from a great 
distance, and raise them into place, required an amount 
of time, labor, and a degree of mechanical skill calcu- 
Jated to discredit the theory that mankind had been 
recently created. It required a long time for that 
branch of the human family to develop from the first 
stage of making artificial tools or beginning to use a 
few words, up to the construction of these surprising 
works. The most skillful modern builder would hesi- 
tate to undertake the job of duplicating these mighty 
structures. 

The great sphinx is located near the great pyramid. 
The length of the body is 146 feet, and it is 36 feet 
across the shoulders. The head is 28 feet from the top 
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of the peculiarity of their religious belief. Their works 
were therefore made as massive and imperishable as 
possible, that they also might endure to the glorious 
coming time when the body would be resurrected and 
re-united with the soul. We, therefore, must consider 
the pyramids, obelisks, etc., as having been constructed 
for monumental and religious, rather than for astro- 
nomical or other scientific purposes. 

In Italy and Greece, in Palestine and Syria, in Egypt 
and India, in Arabia and Peru the ruined cities and 
temples of once prosperous nations lost in antiquity, are 
found ; but there are also found the stone implements of 
the primitive inhabitants of the countries, Compared 
with their times the builders of the pyramids were 
modern. The great works, though remote, were thou- 
sands of years later than the cruder work of the same 
varieties of men. Therefore, instead of the fall of man 
from a state of perfection, we have, in fact, the ascent, 
taken as a whole, of man from a state of savagery. It 
is simply a continuatica of the evolution of geological 
times in accordance with the doctrine of descent. 

Savage tribes have very few words in their language. 
Languages are of slow growth, and words are added only 
as necessity requires. Primitive man had become 
widely distributed, and the several varieties of men 
were distinctly branched off before anything that could 
be called human language had evolved. Means of com- 
munication through signs and inarticulate sounds as 
used by the lower animals were sufficient for their needs 
atfirst. Their language grew with the growth of ex- 
perience and knowledge. All that men have attained 
has been slowly evolved with themselves. Their lan- 
_ guages were no exception to the rule. 

With the savage, everything begins small and simple 
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islands of the Mediterranean paved the way for short 
voyages in small boats and this naturally led to the 
invention and construction of better boats and to longer 
and more venturous voyages. The Mediterranean, with 
its advantages of position, islands and archipelagoes, 
and its northern coast ragged with peninsulas and minor 
indentations,—was the cradle of commerce. Its shores 
became the center of the power and enlightenment of 
theawakening world. It was here that at last an his- 
torical period became possible. After the genus Homo 
had gone through hundreds of thousands of years of 
almost, hopeless but necessary struggle, one of the 
branches of this human tree had produced buds. Look- 
ing backward from the written record to the rock- 
record we see not the fall and defeat of man, but exactly 
the reverse, the rise of man, the victory achieved. 


CHAPTER XIII. 
HISTORIC TIMES. 


RE-HISTORIC and historic times are dovetailed 
together, There is no well-defined boundary 
between them any more then there is between the geo- 
logical periods. We have to deal with a process of 
evolution in either case. "The art of writing, like the 
building up word by word of the languages, wasattained 
by small accretions, It grew up from crude begin- 
nings, and it becomes therefore impossible to fix an . 
exact date. The more the subject is studied the more 
evident the truth of this proposition becomes. 

Crude picture-writings were the first attempts at any- 
thing like historical records, and tens of thousands of 
years must have elapsed before picture representations 
had been shortened and modified into such hieroglyph- 
ics as were used by the Egyptians and Aztecs. Hiero- 
glyphics were in use in Egypt three or four thousand 
years before the Christian era, and perhaps still earlier. 
They were modified into alphabetical writing, probably 
by the Phoenicians, at an early period, and from them 
the principal alphabetical systems now in use were 
derived. 

One of the sacred books of India, the Rig Veda, is 
probably the oldest literary production in the world. It 
is of a poetical and religious character, and of little 


historical value. 14 is supposed to date from about 1400 
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tury later the popularity of the water theory wasshaken 
by the assertion of Anaximenes that air was the source 
of things; that the human soul, water and the earth 
itself were composed of air, and that the air infinite in 
extent is God, The Earth was ''like a broad leaf float- 
ing in the air." This doctrine led to the belief that 
the Earth and the planets were possessed of souls and 
consciousness, and was readily accepted in an age when 
belief in fetishism was general and of a grade more 
primitive than that of the present day. 

The belief prevailed that not alone the air was a 
spiritual being, but as chemists discovered gases they 
were believed to be ghosts; some of whom gathering in 
mines and wells were capable of inflicting great injuries 
and destroying life. The dawn of philosophy, Science 
and religion was full of crude and childlike speculation. 
Anaximander taught that the Earth is of the form of a 
cylinder, held in the center of the Universe by the air; 
and that the Sun, Moon, planets and fixed stars are 
each fastened to a crystalline ring and revolve around 
the Earth, the Sun being farther off than the fixed stars. 
Similar cosmological notions are endorsed, explained or 
apologized for in these so-called enlightened times. 

In their turn the Hindu, Egyptian, Jew and Greek 
passed along the same meandering intellectual path. 
Evolution is shown as distinctly in mental as in cell 
growth. 

About B. C. 540, Pythagoras was born. It was 
asserted by his followers, with the usual show of testi- 
mony, that he performed miracles, predicted future 
events, and was present with the people and addressed 
them in several different places at the same time. To 
the Pythagoreans, numbers were actual things, so they 
laid great stress upon their value, imputing great sig- 
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rituals ; the Trinity after Egyptian traditions ; a female 
deity ; angels, martyrs and saints in the places of the 
lesser gods of the paganus ; a probationary future state in 
place of transmigration ; the ancient symbol of the 
cross ; fasting, celibacy ; pilgrimages, consecrated water 
and the miracle-performing dust, bones and other relics, 
an offshoot of fetich worship; transubstantiation, can- 
onization, worship of the dead ; in a word, everything 
demonstrated the truth that a step, and a short one at 
that, had been taken in the evolution of religion. “This 
step carried with it the fetich-like reverence for the 
Bible, as containing a divine revelation of all that it 
was good for man to know. 

With the Church backed by the civil power, it was 
no longer safe for men to doubt, and follow the light of 
reason and investigation. First emotional, and then 
doctrinal religion was in the saddle, and young Science 
was strangled in the birth. The crude geocentric 
theory of the Universe with all that it implied, was the 
scientific lesson of the sacred book, and it had to suffice. 
Splitting hairs over slight shades of difference among 
theologians took the place of philosophy. The influence 
of the Alexandrian effort was diverted and lost to the 
world. A thousand years were required before the 
rubbish could be cleared away and the attempt to build 
upon the solid foundation of investigation could be 
again resumed in Europe. 

At the time Alexandria was taken by Julius Caesar, 
the larger portion of the celebrated collection of books 
was destroyed by fire. To make amends as far as pos- 
sible, Mark Antony presented the great (200,000 vols.) 
rival collection of Pergamos to Cleopatra to be added 
to the Alexandrian Library. About A. D. 39r, the 
Christian Bishop Theophilus, with the consent of the _ 
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If the destruction of millions of human lives and the 
waste of untold millions in treasure and property, with 
all the attending horrors and suffering of needless war, 
are good and useful deeds, then the Church should enjoy 
full credit for the wars of the crusades—and many others. 

In the eleventh, twelfth, and thirteenth centuries, 
mad efforts were made to recover the sacred relics at 
Jerusalem from the possession of the Saracens. These 
wars were called Crusades, because each soldier wore 
upon his shoulder, or breast, a cross, and from this he 
was called a crusader. Eight distinct crusades were 
organized, and conducted with varying degrees of suc- 
cess, involving the loss of millions of lives that if properly 
directed might have been useful. On the whole, and as 
a final result, the foolish efforts were a dismal and total 
failure ; none of the objects of the wild and shameful 
raids having been accomplished. Indulgences were 
granted to those who went; many were the prayers, and 
boundless the faith, but of no avail. If in response to 
their supplications the Lord helped either side, 1t must 
have been the Mohammedans. It 15 said that an army 
of little children was raised with the idea that innocence 
might, through the favor of heaven, triumph where 
valor was of no avail; but they perished on the way to 
the Holy Land. 

No story was too big for the gigantic credulity of that 
age. "There were, of course, many miracles. One, per- 
haps entitled to as much credit as auy, is related about 
one of the leaders of the holy crusaders, who had been 
‘beheaded in Palestine, being seen returning home carry- 
ing his head under his arm. No wonder the crusaders 
burned the valuable library at Tripolis. It is impossible 
to sum up in the mind the total loss to the world result- 
ing from the crusades. 
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Each mineral species has its characteristic form ‹ 
crystals, which never vary when formed under the san 
conditions. The addition of a trace of some other sul 
stance, or an attempt to hasten the process will be see 
in the product. It 15 easy to obtain characteristic cry: 

tas of most substances for examination with modera! 
microscopic powers. They are beautiful and instructis 
obvests, and will well repay the student. 

Cum шоп salt, crystallizing from pure water, takes tl 
tonn ot ubes bv slow evaporation ; and by rapid eva] 
оты әл, hollow, four-sided pyramids. Sugar crysta 
‘ives in four-sided prisms, or it may remain for a tir 


in an amorphous or uncrystallizable state. Sulpht 
eco has Stand amorphous, or in crystals; or, when sul 
PA aet see cups] from its vapor in closed chamb.’ 
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that it is neither animal nor vegetable, but intermedi- 
ate, and more primitive. Naturalists have not agreed 
in classifyiug the Protista, they having been claimed by 
both the zoologists and the botanists. "They are all 
non-sexual Allthe life they exhibit is caused by the 
chemical, electrical, metabolic and mechanical action 
—disturbing and changing the molecules of the sensi- 
tive Protoplasm. 

“When the opponents of the Theory of Descent assert 
it to be miraculous and inconceivable that an exceed- 
ingly complicated, many-celled organism could in the 
course of time, have proceeded from a single-celled 
organism, we at once reply that we may see this incon- 
ceivable miracle at any moment, and follow it with our 
own eyes. For the embryology of animals and plants 
visibly presents to our eyes in the shortest space of time 
the same process as that which has taken place in the 
origin of the whole tribe during the course of enormous 
periods of time." —(Haeckel's History of Creation, Vol. 
II, page 40. 

The Algz being the beginning of distinctively vege- 
table life, furnish us with easy objects for the study of 
cells and their growth. There are numerous species 
both in salt and fresh water. "They are easy for the 
beginner to recognize. The green scum on pools of 
standing water, and the green, hairy-like masses in run- 
ning streams, and adhering to stones and logs, in 
ditches, swamps, ponds, springs and lakes, will be found 
to be nearly pure Alge. Like the frost on the window, 
or the fern-like crystallization of metals, are the fore- 
runners of higher vegetable forms as seen in the shapes 
of some of the lowest of these humble plants. This 
suggestive feature is seen in a few specimens not built 
up of cells, but composed of a single cell only ; the 
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slain, and the high degree of development reached among 
the survivors. 

It has not been a chance evolution in any sense, but 
the strength acquired by use, and the greater immunity 
from danger which is the reward of adaptation, have 
through the laws of heredity caused a steady, slow, but 
sure progress in the properties of the cells and in the 
grandeur and perfection of their work. 

As the moral aud intellectual worth of the individuals 
united to form a republic is the measure of the national 
character, so is the quality of the constituent cells the 
measure of the physical and mental capacity of the man. 
Their fidelity to their inheritance is manifested inu the 
true breeding ofthe species. "Their plasticity is seen in 
their ready conformity to changed environment. Both 
qualities are in evidence from monad to man. 
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lack of variety of expedients among colonies of the same 
species, or even among individuals of the same colonies. 
They recognize and like their friends, but hate and sting 
their enemies. 

The vertebrate animals vary in nerve and brain devel- 
opment,—from those having no brain, only a spinal cord, 
without important gaps, up to the large and complex 
human brain. Allaloug the line the mental keeps step 
along with the physical evolution, and corresponds with 
environments. The mental attainments like the physical 
qualities have gradually built up by the addition of small 
gains, commencing with the craving for food. Improve- 
ment kept pace with the accumulation of experiences. 
The enlarged necessities resulting from the increase in 
numbers, and the consequent more intense struggle for 
existence, required and caused the growth of larger and 
better brains. 

The average weight of brain (European, male,) is 49.5 
oz., female, 44 oz. Among idiots, brains are found 
weighing from 27 oz. down to 15 oz., and even as low 
as IO OZ. | 

As a rule men of unusual ability have large brains. 
Cuvier's brain weighed 64.5 oz., and Daniel Web- 
ster’s 53.5 oz. The weight of the brain of the horse 
is given at 23 oz., of a whale 5 to 8 pounds, of an ele- 
phant from 8 to ro pounds. The intellect of a large 
fleshy animal like the elephant is not in proportion to 
the great size of brain, for the reason that a large portion 
of nerve force is expended in keeping up digestion, cir- 
culation, respiration, and the action of the muscles. It 
often happens that smaller brains make up in quality 
and activity what they lack in weight. > 

The brain material is the same in man as in the dog, 
cat, or other of the higher animals, both chemically and 
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and lowest at the period of greatest atomic separation. 
Our knowledge of nebulosities, comets, meteorites, and 
the most attenuated forms of matter generally, is corrob- 
orative of this opinion, The attenuation, lack of points 
of condensation, and irregular outlines and shapes of the 
nebulosities, poiut strongly to a lack of gravitation, and 
this at the very point in the cycle of evolution and disin- 
tegralion, where such a condition would be expected 
to obtain. 

This brief and imperfect story of the /i/2 history of 
a world—began in a telescopie nebulosity, ran a period 
of say a billion of years and ends in a nebulosity—a 
complete circle. 

It is only one revolution in Nature's eternal rounds. 
The steady march from nebulosity to nebula, from nebula 
to sun, from sun to planet, from planet to protoplasm, 
from protoplasın to man, from man to the culmination, 
from the culmination to the decline, from the decline 
to meteoric dust, from dust and atoms to nebulosity,— · 
reaches a moment’s rest, nay,—the movement continues 
without interruption—along the endless pathway of 
change. 

In all the immeasurable changes of matter that have 
taken place in the 1,000,000,000 years, not an atom has 
been gained or lost, not a particle of its force has been 
augmented or diminished, and it continues its eternal 
journey with every potency intact. 

Any day of the billion years an observer looking out 
upon the Universe, from any known star, would have 
seen worlds and systems in all stages of growth,—from 
birth and youth to old age and decay. Itisin truth a 
t Wilderness of Worlds." The dust of the old is the 
substance and nourishment of the new. Any one day in 


the past, or in the future, is, and will be as much a day — 
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religion. They are as incompatible as oil 
Those among us who know the truth have a 
form for ourselves, our generation, and for 
are to follow. We owe fidelity to the truth. 
be our endeavor and pride to assist in c 
times from the charge that this 1s the age oi 
Our zeal should be tempered with justice 
ance. Thehistory of the Church is a chapte 
The minister spends his time relieving sor 
making others, There is no danger of our 
their ways. The methods of Science, Reaso 
thought are as much superior to theirs а; 
printing press is to a notched stick ; and fo 
reason, —it marks a higher plane of evolutio: 
One of the most encouraging signs of the 1 
evidence of the disintegration of the Churc 
crumbling block it has passed the culminat 
its life, and like everything else that is ame: 
general lawsof evolution it is falling asunder,- 
reds of sects, each 1n its turn tending toward su 
This familiar evidence of decay cannot esca 
The orthodox of to-day would have been 
as heretics half a century ago. Those mos 
will be content if they can rescue from 1 
wreck of Tlıeology, the shadowy idea of an 
creative force ; a tacit belief in the immort: 
soul; and the continuance under any pre 
organizations that bring to them power and | 
When man comes to know himself as he 
by Science, will he continue to war upon his 
gun and greed? Will the few continue to ho 
in fear and under tribute? We trust not. T 
of true knowledge, and the mental and mx 
aud development that go with it, is to lez 
toward altruistic principles. Seli-reliance 











INDEX. 


PAGE 

Abury, : ; . š . , ; š Я 150 
Adaptation, . A : š Р a А ; A 116, 121, 134 
Alcor, ; : I 2 : Р š š А š . 43 
Aldebaren, . : š š š ; š . А ; š 45 
Alexander, . š Р š; > Р ; š 173 
Alexandria, Library o of, ; š š š Ç; ‹ . 173,174 
Algae, à А А š А " So d ug ° 2oo 
Algol. V Ene з star, й А š . А Я ; . 44, 45, 50 
Algenib, , : z ; А š A ^ í s . 44 
Alkaid, i : š , ; : А a i š . 35 
Allen, Ethan, š : A : А . А . ? . 215 
Almaack, , А š š š š З š š : 44, 45 
Alps, Lunar, . š : . ° š ° А . ° . 72 
Altruism, . ; ; š ? à š ч š 8 234 
America, discovery, š š . А à А , à . 183 
Amoebae, š š ° ° š ° . ° ° 94, I98 
Amphibians, à š š š : š ; ‚ : 
Amphioxous, š š è ; . š š š I33 
Anatomy, Comparative, ; š ; š š š i . 128 
Ana ximander, ' , š š š š ; A ç 170 
Anaximenes š : š š Е А : š š . 170 
Ancients, š š š з à . 158, 166, 167, 168 
Andaman Islanders, i ; š š ‘ 144 
Andromeda, const., š š š ; : з 45; nebula, 34, 35 
Animals, lower, think, . ; ; N 24 
Animalcules, i š А : A š š A ; 
Antares, ; : A . k ; ; x : А 36, 196 
Ants, ‘ s ; ; š : 97, IO1, I26, 127, 207 
Apes, man- -like, š; : ; š ; ; К 106, 107, 139 
Aphides, : З К š i š; А š ‘ š . 126 
Aquarius, const., . ç Я . à А . š i 37 
Arabs, А 


А я З ‘ š ; š ; š ; . 43 
Arcella, š š i A š А š ; š 197, 198, 205 
Archaean Era, e g ; $. Jw > š i Š 93, 94 
Archaeology, . . ‘ А "EE š š i юй 138 
Arcturus, š ; ; š š š А A š ‘ . 43 
Aristotle, ; « i А š š i š š š { 174 
Aryan race, . š k. 25 . : ; А Vox . 162 


Asteroids, š š š š š š ; 75 
Astronomy, progress `of, Gi з жо а š поа оз 42 
Atoms, ; А ‘ ° š š А š А ; 38 
Auriga š š А š š А š š * š . 43 


Aus i , ° e . . ° ` * * * ~ МАА, 





240 INDEX. 


PAGE 
Barnard, Prof., : k . . : M š 63, 79 
Bees, ' i З 7 А а € tol, 118, 126, 207 
Beliefs, primitive, : š - ý T WM q i . 148 
Beta Cygni, < . , ' А А - í . 44 
Betelguese, + h А ' . . . . А . 45 
Beginning, 2 ‘ Ë ^ , ‘ * . N ‹ 14. 15 
Bias, е ] . ° а ^ ^ ^ š ^ 231, 232 
Birds, ovaries, x V. $i : : . . . . 130 


Blood, corpuscles, - š А ^ ë Е - 135, 202 
Book, this, . ` А . А . " . . . 32,131 


Bootes, const., « А . . : > + - : ° 44 
Brain, : š . - : - . д . 206, 208, 209, 210 
Bronze Age, а = T2 : : "Qe 138 
Brownian motion, ' > . : . . ^ ° . 1% 
Bruno, murder of, 4 à É à я ^ : 68, 184 
Buddhism, А . * " а * * а & 165, t66 
Cairns, r А : : : à š . $ A 148, 150 
Cancer, const., + à à 4 А " А à А . 45 
Canis Major, const., ; I Í b . à i : 45 
Canis Minor, const , ' - - š - š - . 195 
Canis Venatica, nebula, . , . - - ; . . 35 
Canyon, Colorado, . , ’ ' à; s ; . 108 
ра : i š š š H 5 s š š А 43 
‚ar bon, Р . š . . . ; . ‚192, 193 
'arboniferous period, . . ; . ; . š ; 97 

C arnac stones + А . . . А . . ° . ISO 
Cassiopiea, const., . . А А . . è . š 34 
Castor, star, . é e & . А А . š Р 45 
Cats, mental action, š š З З š š ç ; 216 
Cave-men, . š š І А š IO7, I4I, 142 
Cells, А , . . 198, 200, 201, 202, 203, 204, 205, 206, 209) 210 
Celts, . { : š ‘ ç : š š š 143 
Cenozoic, . ' ; { А š Я : š 93. 100, 101 
Chalk, š š ; š Я š š . š 99, 100 
Chemistry, š I š š І А ; š s 192, 193, 212 
Christianity, š š š А š š Š 175, 176, 177, 178 
Church, . р š : ç ; : | . 185, 156, 228, 232 
Cilia, . š . . i А . . i ' 193 
Civilization in danger, : . А . . . . . 227 
Cohesion, . š i š š : i Я i 30 
Columbus, А š ç à š " А i i š I83 
Comets, > Д ç ` š š à i à 81, 82, 83, 84 
Competition, . А š š . . . ; . 116 
Consciousness, А . . . . . 210, 213, 217 
Conservalion of force, ° А š š I š ; Е 28 
Contentment, . ° А . . . š . . š 227 
Cooling, Earth, . А . . i - 90, 9I, 92 
Copernicus, ; ; š š II, 185; a Lunar crater, 71 
Corona Borealis, š š y ; ; š š i A 44 
Correlation of force, : : š I с e ue x . 31 
Creation, ; , . š ç š š , š š III, 225 
Creeds, . k жой жоош IE . 229, 234 
Cretaceous period, o эж. du d IND ж 98, 99, 100, IOI 





EN 








242 INDEX. 


PAGE 
Galileo,  . Ro е MERTES ва > 17,1%, 185 
Ganglia, cephalic, . ; > - ks 4 Lun - 206,207 
Gemini, const., - - : а ^ š ^ а - 45 
a. qe time, ча ; P^ Xe ; š 90, 94, 109, 110 
Glacial period, C жа A My. а . А 103, 104, 105 
Globigerina, Ò s a> а: dei UN 99, 100 
God, tribes not believing i in а, x^ E LO WE ap RES 
Gods, wrath of, . . 2 ж Жж w m X s 230 
Goethe, . à ; - + 4 ` . . . 112 
Gorge, Niagara, и - E Eur us - o» A8 
Gradation, : д , А ° ` ° ° , . 133, 134 
Gravitation, А . » a . А + . à 25, 223 


Great Dipper, s . * ' я b . à . 34, 43 
Greeks, Y os : . 1 з ° . _ 4 42, 169 


Habits, . | - ' А . - 125, 126 
Haeckel, Ernst, ; . ra, 130, 132, 135, 136, 195, 200 
Hair, modifications of. T с 125 
Hallucinations, : ^ - , ^ У : * 125, 211, 212 
Heat, à г а . í ^ à . 30,61, 62, 91, 21 
Hercules, const., à : à . à; . 36,44: cluster, 3 
Heredity, ' ; : . . . 122, 134 
Herschel, Sir W illiam, . Е 47, Во; Sir John, 65 
Histology, comparative, i à : š А ; . 135 
Horse, ''creation ” of, š š š . ; ; А ; 102 
: А А š š š š Я А ; . 144 
uggins . . . . . . . . . . . 34, 81 
Шш гасе, š . . . . . . 160, 161, 162, 221 
Huxley, T. H., A k š š š š А . 112, 142, 217 
Hyades, А : ‚ ; š ° š a { 45 
Hypatia, her martyrdom, | А ; ; i я 179, 184 
Infusoria, . à š ‘ : 206 
Insects, š З š . A i 7 97, 117, 118, 119, 126, 207 
Instinct, Я à A ; ; š š Ç . 126 
Intemperance, А . . ; ; ; z 230 
Inventions due to science, š š " А ; : 187, 188 
Iron Age, . °. E. а І . . i š 138 
osephus, . . . . š š $m . . : 82 
oshua, . ; А А š š А Я ; : . 82 
upiter, the planet, š cr ue — ° ° 5 a 75,76,77 
urassic period, А e ç : i . è ‘ : , 99 
Kepler, » Ç i š š š š ‘ . II, 27, 
Kings and gods, š А š à š š š š i Ass 
Koran, А š à š n . А x š ; ç I79 
Langley, Prof. ; : i š © IU š š š . 61 
Language, . ; š . . ° I . à . 158, 164 
Laplace, > lw £o cs Pe лу . ç; x 86, 87 
Laurentian, ёё. da le ee. жо s 8 5 . 94, 95 


Leo, const, . š ; ; š : ç ; Р У - 44 
Level, change of, , s š a $ 0s 104, 105, 113 
Leverrier, ° ° ° ` ` ` * * ` ° е Sz: 








Libraries, destruction of, 
Life : 
Lockyer, Sir J. N., 
Lubbock, Si J. °S 

Luther, 

Lyell, Sir Es 

Lyra, const., 


Man, 

Mars, the planet, 
Mastodon, 
Matter, cosmical, 
Mediterranean, 
Memo 
Mentality, 
Mercury, the planet, 
Mesozoic period, 
Metamorphosis, 
Meteoric stones, 
Meteoritic hypothesis, 
Meteors, 
Mexican ruins, 
Microscope, 
Middle Ages, 
Milky Way, 
Migration, 
Mimicry, . 
Mind and Body, 
Miocene peri 
Mirac, 

: Mizar, 
Modifications, 
Mohammedanism, 
Molecular motion, 
Molecules, 
Moneron, 
Monism, 

Moon, . 
Motion, 

Mound Builders, ` 
Mountains, lunar, 


Natural selection, 
Nebulae, . 
Nebular hypothesis, 
Nebulosities, 
Neolithic Age, 
Neptune, the planet, 


Nerve fiber, . ç 


Nerve force, 

Newton, Sir Isaac, 

New Zealanders, 

Nile deposits, 

North American Indians, 
Northern Light, . . 


INDEX. 243 


PAGE 

178, 179 

94, 95, 194 
26, 34, 39, 51 
145, 148 

184 


112 
"35, 44: nebula, 36 


103, 106, 107, 108, 110, 213, 214, 217, 220 
A 73, E 


| 16, 17, 19, 20, 21, 22, 23, > 31, I9I, 192, 225 


162, 163 

211, 212, 213 

205, 206, 207, 210, 213 
š 62, 63 
93, 98 

118 

84 ; streams, 85 

39, 5I, 52 

. 84,8 

. 154 

à I2, 135 

42, 180, 181 

39, 37, 46, 55 

. 133 

117, 118 

125 

100, IOI 

. 44 

A š š š š 43 
e : А i . IIQ, 125 
. š š 180 
19, 30 

58 


| 195, 196, 197 

225 

68, , 69, 70, 71, 72, 73 

. 27, 30, 38 

š š i : m 152, 154 

ë : i " š 72 

š М š m 117, 119, 120 

Ы Е x d 34, 35, 37) 38, 39, 40 

. . ° š . ° . 39, 87 

ч ^ ° ° ° 2 .. 37» 3 
° ° ° ° » А . E 

U š : Р DAS g 5. 206, 209, 210 


Ts š , ; é š 2IO, 2II 
. ° е е ° ° ° II, 27 
° ° Ф е ә е ° ° I46 
. А ° š . ; . TRE, 156 
e e e * > XN hs 
e ° ` ` ` * bes eh, 





244 


Obelisks, . . . 
Objective impressions, 
Observation, з š 
Omar, Caliph, : 
Organic and inorganic, 
Organisms, ` : 
Organs, . 

Origin of Species, 
Orion, const, . 
Oscillatoria, 

Uva, + 

Palaeolithic, 
Palaeozoic 

Parallax, ë ° 
Patagonians, : . 
Pegasus, const., 
Permian, . 

Perseus, const., 

Peru, , 

Planets, : 

Plato, a lunar plain, 
Platonism, . В 
Pleiades, 

Pliocene period, 

Pole Star, 

Pollux, А 
Prehistoric man, 
Printing, 
Probabilities, 
Procyon, 

Progress, ; 
Protamoebe primitiva, 
Protista, . 
Protoplasm, 

Protozoa, ; 
Pseudopodia, 
Pyramids, 

Pythagoras, 


Quartz, crystals, 
Quaternary period, 


Radiolaria, 

Reason, 

Regulus, 

Religion, 
Revelation, 
Repression, 

Rigel, А 
Котап Ет ire, 
Rosse, Lord, 
Rotifera, 
Rudimentary organs, 
Ruins, © d ^ 


FAGE 

* = = = 157 

* D . . 211 
ë ë Г] = l 9 

2 à e . 179 
E - 94. 95, 195 
i} 


123, 124, 125. 128, 133, 134 


. 51, 113 
зз 45: great REISEN, 3 
. , 198, 23 

- - . 108, 138, 23 
* П * i в 25 
: . . : 147 
[1 è = = " M 
z E E 97, 95 
= я LI * 3⁄4 


U, A ч 154, 1 
57, 66, 67, 74, 75, 77, 88, Š 
i š 2 71 


ç ' P Р š « 172 
. 45 

IOO, 102, 103 

. . . 34. 43 

a R Я Я 45 

é . 141, 142, 143 

š . I8 


230 

45 

° IS9 

195, 196 

. : š { . 199 
94, 95, 194, 195, 198, 201 
. . š . . 205 
y . 20€ 

154, 155, 15€ 

170, 171 


| 93, 103, 104, 105, 106, 107 


а : : 199, 208 
187, 207, 212, 213 


° . . 44 
147, 165, 228, 229 
А Ç . 23I 
, . 236 
š . 45 
174, 175 
š 34 
. 198 

129, 130 


149, 159, х, ISS, 156, "s 3X: б 









Sagittarius, const., 
vation, 

Saracens, ¿ 

Sarracenia, 

Saturn, the panet, 

Science, 

Scientific Era, 

Scorpio, const. е 

Seeds, prodigality of, 

Selfishness, à s 

Sensation, к s , 


Sensitive plant, ; š 
Sexual selection, 
siemens, Ог. . 7 
Silurian Age, š 
Sirius, 


Society Islanders, 
Socrates, . , : ; 
Solar nebula, * š 
Solar system, . ; 
Soul, š í 

Space, 

Species, 

spectroscope, 

spectrum, š . 
Spencer, Herbert, 
Sphinx, the great, 
Sponges, common origin, 
Squirrel, , š . 
Stars, 

Stellar systems, 

Steam engine, 

Stone Age, . 

Stone circles, 
Stonehenge, А 
Strata, 4 

Struggle for existence, 
Subjective impressions, 
oun, si 

Sundays, for study, 
Sun-spots, 
Supernaturalism, 
Superstition, 

Summary, 


Tail, rudimentary, 

Tardigrada, 

Taurus, const., 

Telescope, 

Tertiary period, 

Time, ‹ 

Thales Т ТИИ 

Thought, S 7 
e, compared, 


INDEX, 


š А 227, 228, 233 
А 187, 188, 236 


° ° 230, 234, 235 
° LJ . е 212, 213 


56, 
56, 87, 88, "e 


š š OE, ES 
111, 113, 114, IIS, 116, 117 
24 


š j š . 25 

° š . . 112 
156, 157 

. 132 

. 124 

41, 46, 47, 48, 49, 50, 51, 52 
6, » 48, 49 


A 138 
150, 151 
. 149 


° : s 93, 96 
. 116,117 


à 211 

55, 57, 58, 6o, 61 

92, 227 

B 4 58, 59 
š : à 2 226 

. 226, 230 

ó 224 


ç š . 130 
. е ° ° 45 
N š A II, 12 





246 INDEX. 
Раст 
Titan, а мнен: Dow + > ыы ч. 79, 80 
Tradition, - : š £ 1 1 1 а t4 
Triassic period, TEN, e a Der . 98 
Trinity, А ; " AC : : . - ° 229 
Truth, . < . ° - А - 54, 213 
Tycho, lunar crater, . „ A А . . . . y 
Tyndall, Jobn, . « +. «+ a i ч 4 з II2 
Universe, . Ro A ; «ar : > >» 53 
Unknown, . - . ` А . . ` А IO 
Uranus, the planet, ° ‚ P Bm е ' ; : So, 8! 
Ursa Major, const., . ig NM . А . 34, 43 
Ursa Minor, const., . . ' b u. 4 4 ^ A3 
Use and disuse, ` А . ^ 4 à ‹ А 123 
асг erosion of, I а a má ° 6 108 
ariation, 4 - - " e H% 114, 115, її 117, 122 
Vedas, the, : h - 3 а : ч ' ; + - 165 
Vega, ' А - А А . 35, 44 
Vegetable forms connected, ; ` - . . 134 
Venus, the planet, . ‘ ; . š 64 
Vermiform-appendix, ~ ^ х 130 
Virgo, const, . š š š ° š z 44 
Vorticella, 198 
Wall, lunar, ; i ç : 72 
Wallace, Alfred 1 R., А . š : бад, 132, 214 
Water, š š š : à 190 
Will, 212, 213 
Witness stones, : 149 
Writing, origin of, E š 159, 160 
Xenophanes, 171 
Ximenes, 179 
Zodiacal Light, 86 
ILLUSTRA TIONS. 

Implements of chipped stone, North America, to face 108 
| Е апа polished stone. Europe, ч 138 
e * polished stone, North America, “ 140 

Stonehenge iu to Waltine. From The Celtic Druids, by 
Godfrey Higgins, Esq., F. S. A.. š | lo face 148 
Monument at Carnac, “ 150 
Wringcheese, near Liskeard, Cornwall, ds 154 
Cromleh at Plas Newydd in Anglesey, ae 156 








Сев in 
R Cloth 
Frenc h Revolu xu 
er By 
Dis. c Car Yle, dion. 


of Epi из. 7 
Tours Т Ep Ctetus. 
Origin of S ез. р 


o les. Boi 7t 
Ое = th a 75 
š clado than р 





А las, Shy Br a na 
e = | 
Tons, а and ir. 
| E 
MH 
| | 





aant 





«ne Wilderness of Wird 
This book is & tre 
from Nebula to Man, and tl 
The facts given by Mr. Mo 
coveries of modern research ; 
most advanced thinkers and : 
of scientific enquiry ; the argı 
as they are concise and convi 
interesting as it is instructive- 
Indeed, The Wilderness of i 
impartial, and so reasonabl,, t. 
text, even ‘‘ The wayfaring n 
fool, need not err therein." I 


“I have in my mind a wildernes 
gigantic size; in the distance they 
gradually until the utmost limit of 
clearing is to be seen. The ground 
which are beginning to vegetate. ' 
and young trees, and mature trees ; 
the dead, and the prostrate, mouk 
but natural scene. 

“I raise my eyes and look outwa 
of worlds. The one on which I sta 
innumerable multitude beyond fad 
telescope; my vision is extended 
come into view, and in the thous 
vision fade gradually until in the oi 
caught of faint points of light. The 
the trees, and the great deep of spa 
pulsating with the potency of new 

“How grand, complete and erb" 
of Nature. We ` 
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